Vaccine vectors based on recombinant viruses have been used for many years, but the delivery of target antigens can be accompanied by unwanted side effects. First, preexisting antibodies can neutralize the recombinant virus before it is able to deliver its payload. Second, structural proteins from the virus can dominate T-and Bcell-mediated immune responses, diverting immunity away from the target immunogen 1, 2 . Hence, there is a critical need to develop vaccine vectors that are not only highly immunogenic, but also antigenically simple.
, but for some applications insufficiently immunogenic. A variety of attempts have been made to improve DNA vaccines 4 , including the production of pro-apoptotic proteins 5 . Despite these advances, the poor immunogenicity of plasmid DNA remains apparent when attempting to elicit immunity to weak immunogens, such as non-mutated 'self' tumor-associated antigens that are recognized by anti-tumor T cells.
One promising new strategy to improve naked DNA vaccines is to express the target antigen under the control of an alphaviral replicase 6, 7 with the premise of using the ability of alphaviruses to produce large amounts of viral mRNA (refs. 8,9) . In alphavirus-derived DNA and RNA vaccines, the encoded alphaviral replicase-enzyme complex amplifies self-replicating RNA (replicon). In model systems, replicon containing nucleic acid vaccines display therapeutic efficacy at doses several logs lower than those required by conventional DNA vaccines [10] [11] [12] . In the current study, we examined whether a replicase-based DNA vaccine encoding a non-mutated self-antigen could be used to break tolerance and prevent B16 melanoma, a goal not previously accomplished with conventional DNA vaccines 13 . Subsequently, we explored the mechanism behind the superior efficacy of replicase-based nucleic acid vaccines compared with conventional DNA vaccines. We found no correlation between immunogenicity and antigen production of a DNA vaccine. While apoptotic death induced by replicase-based DNA may prevent prolonged production of the target antigen, adaptive immunity is nevertheless still efficiently activated. We show for the first time that innate antiviral pathways implicated in the molecular mechanisms of innate antiviral immunity (double-stranded (ds) RNA recognition and interferon action 14 ) form at least one mechanism underlying the superior efficacy of replicase-based DNA vaccines. Activating such pathways enables a DNA vaccine to break tolerance to self-antigens.
Self-tolerance inhibits function of conventional vaccine
Previous reports showed poor immunogenicity of conventional plasmids encoding non-mutated melanocyte/melanoma antigens 13, 15, 16 . Using β-galactosidase (β-gal) as the model antigen, we demonstrated significant enhancement of the immunogenicity and efficacy of RNA and DNA vaccines by placing antigen expression under the control of an alphavirus replicase enzyme 12, 17 . We attempted to engineer a replicase-based DNA vaccine that breaks immune tolerance and elicits immunity against a non-mutated, tumor-associated self-antigen. The target antigen, gp75 (tyrosinase-related protein-1 (TRP-1), encoded by the gene Tyrp1), is the mouse homolog of a human tumor rejection antigen expressed at high levels in melanoma cells 18 . The mouse TRP-1 constructs were compared with DNA plasmids encoding the cross-reactive human protein (Figs. 1a and b) . A conventional DNA vaccine encoding human TRP-1 ('non-self') was previously shown to elicit a protective immune response to B16 melanoma in mice, unlike DNA plasmids encoding mouse TRP-1 ('self'; ref. 13 and K.R. Irvine, pers. comm.). In the pSin vectors (Fig. 1a) , human or mouse TYRP1 was cloned downstream of the replicase gene 12 . In the conventional plasmids, pCMV-mTRP-1 and pCMV-hTRP-1, antigen expression is controlled by a cytomegalovirus (CMV) promoter (Fig. 1b) . The functionality of all plasmids was confirmed by immunoblot analysis of transfected BHK-21 cells (Fig. 1c) . pCMV-mTRP-1 induced a significant antibody response (Fig. 1d ) and tumor protection (data not shown) in Tyrp1 -/-mice, but not in heterozygous littermates, confirming that the poor immunogenicity of the conventional mouse TRP-1 DNA vaccine is due to immunological tolerance when this antigen is constitutively expressed by the host.
Replicase-based DNA vaccines break self-tolerance
To determine whether replicase-based DNA plasmid can break tolerance in wild-type mice, we measured serum antibody titers in immunized mice (Fig. 2) . Immunization with pCMV-mTRP-1 only marginally increased the titer of antibody against mouse TRP-1 above background levels, as previously published 13 . In contrast, the pSin-mTRP-1 plasmid induced high antibody titers. We then analyzed the level of antigen produced by the two types of DNA vaccines. Alphaviral expression vectors were originally developed with the goal of increasing antigen production to enhance immunogenicity. To test this hypothesis, plasmids were delivered into the skin and the homogenized target tissue was evaluated for antigen expression. No significant differences in the amount of antigen were found between skin areas intradermally injected with the various plasmids (data not shown). Replicase-based DNA (pSin-β-gal) delivered by gene gun also did not trigger higher antigen production than the conventional plasmid (Fig. 2) , although gene-gun immunization triggered higher antigen production than intradermal injection. This is consistent with previously published in vitro results 12 , thus confirming that replicase-based vectors owe their increased immunogenicity to mechanisms other than simple overproduction of antigen.
Replicase-based DNA vaccine protects from melanoma
Immunization with a conventional DNA plasmid encoding human TRP-1 delivered by gene gun has previously been shown to protect mice from B16 melanoma 13 . B16 constitutively expresses non-mutated mouse TRP-1 ( Fig. 1c; Results are shown as mUnits β-gal with s.e.m. (í). Similarly, no significant differences in antigen levels were detected after intradermal injection of the plasmids (10 µg each; data not shown). Average serum antibody titers (n = 4) after gene gun immunization with DNA plasmids encoding mouse TRP-1 (right scale) or a control plasmid (con = pSin-β-gal) are shown as filled bars with standard error. Mice were bled 1 week after the last immunization and antibody titers were measured by ELISA. Sera were diluted 1:125 and measured individually. The experiment was repeated 4 times with sera from independently immunized mice yielding comparable results. Results shown are from a representative experiment.
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mice were challenged subcutaneously with B16 melanoma. Both plasmids encoding the cross-reactive human TRP-1 antigen (pCMV-hTRP-1 and pSin-hTRP-1) provided strong tumor protection (Fig. 3a) . Of the vectors encoding mouse TRP-1, the conventional DNA vaccine (pCMV-mTRP-1) was ineffective, whereas the replicase-based vector (pSin-mTRP-1) induced the highest level of tumor protection of all vectors. Thus, a replicase-based DNA plasmid encoding a non-mutated, tumor-associated selfantigen (TRP-1) broke tolerance and protected against tumor, whereas the same antigen encoded by a conventional DNA plasmid was ineffective. This implies that replicase-based nucleic acid vaccines trigger different effector mechanisms than conventional DNA vaccines.
Replicase-based DNA induces different effector mechanisms
Immunization with vaccinia-mTRP-1 or conventional DNA plasmids encoding human TRP-1 is accompanied by autoimmune depigmentation (vitiligo) of mice 13, 20 . In our study, only pCMVhTRP-1 immunized mice developed vitiligo (Fig. 3b) . In contrast, mice immunized with either pSin-mTRP-1 or pSin-hTRP-1 showed no signs of vitiligo, even several months after immunization and successful rejection of B16-melanoma.
To further evaluate whether the two types of DNA vaccines trigger different effector mechanisms, CD4 + or CD8 + cells were depleted before challenge. CD4-cell depletion caused no significant increase in tumor growth of pCMV-hTRP-1 immunized mice. After immunization with replicase-based plasmid, CD4-cell depletion significantly reduced the efficacy of pSin-hTRP-1, but not pSin-mTRP-1 (Fig. 3c ). CD8-cell depletion had no significant impact on tumor growth in mice immunized with the conventional plasmid (pCMV-hTRP-1), but significantly increased the tumor size in pSin-mTRP-1 immunized mice and abrogated tumor protection induced by pSin-hTRP-1 (Fig. 3c) . Increased average tumor size after depletion was not simply the result of larger tumors, but was accompanied by a reduction in tumorfree mice (Fig. 3c) . Our results point to a strong CD8 + T-cell component in the effector phase of the activity of the replicase-based pSin mouse or human TRP-1. This prompted us to examine the molecular background of the mechanisms triggered by replicasebased nucleic acid vaccines.
Replicase-based DNA triggers production of dsRNA species
In an alphavirus-infected cell, the activity of the viral replicase creates dsRNA species. We hypothesized that dsRNA molecules are also produced as a consequence of transfection with replicase-based DNA vaccines. To detect biologically active dsRNA, we used an assay that measures autophosphorylation of the dsRNA-dependent PKR. Cells transfected in vitro with pSin-EGFP (ref. 12) were sorted for enhanced green fluorescence protein (EGFP) expression and, lysed, and recombinant, unphosphorylated dsRNA-dependent PKR was added. PKR autophosphorylation was measured by incorporation of radioactively labeled ATP ([γ-32 P]ATP). Without PKR (purified glutathione S-transferase (GST) alone) no phosphorylation was detected indicating low levels of endogenous kinases. Autophosphorylation of wild-type PKR (PKR-WT) was strongly and specifically activated only by cell lysates prepared from cells that expressed EGFP from the replicase-based vector. The K296R mutation destroys PKR-kinase activity and this PKR-mutant was included as an additional control. The assay was performed with two cell lines (human SW480 (Fig. 4) and hamster BHK-21 cells (not shown)) and two transfection reagents (LipofectAMINE or Superfect). The finding that alphaviral replicase-based vectors mediated the autophosphorylation of dsRNA-dependent PKR raised the question of whether dsRNA produced by replicase-based vaccines also had a role in vivo in vaccine efficacy.
Enhanced efficacy is mediated by antiviral pathways dsRNA molecules trigger antiviral pathways, which may provide an adjuvant effect for the vaccine and help initiate the release of 'stress factors' (such as type I interferons and heat shock proteins). Key molecules for two major dsRNA-triggered pathways are ribonuclease L (RNase L; refs. 14,21) and PKR (ref. 22 ). We previously demonstrated that RNase L-knockout mice have increased susceptibility to viral infections and are partially deficient in induced and spontaneous apoptosis 23 . The in vivo impact of dsRNA pathways on the efficacy of replicase-based DNA vaccines was tested in RNase L-knockout (Rnasel -/-) mice 24 . The antibody response in pSin-mTRP-1 immunized Rnasel -/-mice was much lower than that in heterozygous littermates (Rnasel +/-; Fig. 5a ). This was not due to the inability of the mutant mice to raise an immune response, as the antibody titer is comparable in Rnasel -/-and Rnasel +/-mice immunized with recombinant vaccinia encoding mouse TRP-1 ( Fig. 5b; and Rnasel +/-mice (Fig. 6b ) compared with naive mice (P = 0.0001 and 0.018 for Rnasel -/-and Rnasel +/-, respectively, by ANOVA). Endpoint tumor size in the two immunized groups was not different (P = 0.544 by Wilcoxon rank sum test). Immunization with the control pSin-β-gal did not induce protection (Fig. 6c) .
To further explore the role of CD8 + T cells in the rejection of B16 melanoma after immunization with the replicase-based vectors, we carried out adoptive transferT-cell experiments. CD8 + cell enriched leukocytes from pSin-mTRP-1 immunized wildtype mice were transferred into naive, lymphocyte-depleted recipient Rnasel -/-mice. After the transfer, the growth of B16 melanoma was significantly decreased in mice receiving immune CD8 + T cells, but not in mice receiving control CD8 + T cells (Fig. 6d) . The same result was obtained using C57BL/6 wildtype recipients (data not shown). Note that adoptively transferred T cells did not eliminate the tumor burden as efficiently as active immunization. This is most likely due to inherent inefficiencies with the adoptive transfer technique. Nevertheless, these findings show that antigen-specific CD8 + T cells were functional in Rnasel -/-hosts once they had been generated and activated in a normal host. Our data demonstrate for the first time that the increased immunogenicity of replicase-based DNA vaccines is mediated in part by the induction of the RNase L antiviral pathway.
Discussion
DNA vaccines have several theoretical and practical advantages over other types of experimental cancer vaccines, such as wholecell vaccines, which deliver an array of known and uncharacterized tumor antigens 25 . Molecular vaccines encode defined Fig. 4 Production of biologically active dsRNA in cells transfected with replicase-based plasmids. PKR is activated by dsRNA in the lysate of transfected cells and autophosphorylates. pSin-EGFP or pCMV-EGFP transfected, sorted SW480 cells were lysed and a kinase assay was performed with purified GST, GST fused to wild-type PKR (GST-PKR), or GST fused to the dominant-negative K 296 mutant of PKR (PKR-con) in the presence of [γ-32 P]ATP. The 'No PKR' lane contains no added proteins and is a measure of endogenous kinase levels. Proteins were separated by SDS-PAGE and activated; autophosphorylated PKR was detected by autoradiography. Non-transfected cells (con) were obtained from transfection cultures to account for any transfection-induced PKR activation. The results obtained with SW480 cells were confirmed in BHK-21 cells using a different preparation of recombinant PKR protein (non-GST, data not shown).
a b
Fig. 5 The involvement of dsRNA and dsRNA-dependent pathways in the immune response to replicase-based plasmids. a, Rnasel -/-mice and Rnasel +/-littermates were immunized weekly for 5 weeks (v) and were bled before challenge together with non-immunized controls (ȣ). Sera were diluted 1:5, 1:25, 1:125 and 1:625, and measured individually. Shown is the average antibody titer (n = 6) with standard errors. P value was calculated by ANOVA. The titer of antibody against TRP-1 was determined by ELISA as in Fig 2. b, To confirm the validity of the animal model, Rnasel +/-and Rnasel -/-mice were immunized twice with vaccinia-mTRP-1 (b). Two weeks after the second immunization, mice were bled together with non-immunized controls (ć). The experiment was repeated with identical results.
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antigens and provide off-the-shelf reagents that can easily be modified as needed, and they can be delivered by a variety of methods and routes 3, 4 . However, DNA vaccines are insufficiently immunogenic for several antigens 3, 26 . One possible reason for this shortcoming has been hypothesized to be low antigen production from the plasmid. Replicase-based DNA vaccines were developed in an effort to increase antigen production from nucleic acid vaccines 6, 7 . In this new generation of DNA vaccines, antigen expression is under the control of an alphaviral replicase-enzyme, a molecule used by the alphavirus to produce a very large number of viral copies 9 . However, we did not find that alphaviral replicase-based vectors produced more antigen in transfected cells than conventional DNA vaccines in vitro or in vivo. Our findings are consistent with another report showing no over-production of antigen from a Sindbis replicase-based vector 10 . These results are at odds with several reports citing increased antigen production from replicase-based constructs 7, 27, 28 . However, the reported increase was much less than expected considering that intact alphaviruses monopolize the protein machinery of infected cells and produce up to 200,000 copies of positive-strand RNA from a single virus 9 . Nevertheless, several reports have demonstrated that replicasebased nucleic acid vaccines are significantly more immunogenic than conventional DNA vaccines requiring doses 100 to 1,000-times lower than conventional DNA plasmids to induce a comparable immune response 10, 12 . In this study, we sought to identify an alternative explanation for the superior efficacy of replicase-based DNA vaccines. Although the immunogenicity of a DNA vaccine can be improved by increasing the amount of antigen, antigen production is certainly not the only factor that determines immunogenicity. The immunological context in which the antigen is presented may be a more important aspect. For example, delivering a DNA vaccine together with a conventional adjuvant such as monophosphoryl lipid A (MPL) significantly decreases antigen production in transfected cells while the resulting immune response is strongly enhanced 29 . Similarly, causing apoptosis in DNA-vaccine-transfected cells reduces antigen production while significantly enhancing the immune response 5 . Finally, the immunogenicity of a plasmid could be increased 100-fold by co-injection of a GM-CSF-encoding "adjuvant-plasmid" (Z. Yu, pers. comm.). Thus, co-delivering a potent stimulator of the innate immune system can overcompensate for the reduced amount of antigen available to the adaptive immune system.
We thus investigated whether activation of innate, antiviral host mechanisms could account for the strong immunogenicity of replicase-based DNA vaccines. Such host pathways would be triggered by the production of dsRNA in transfected cells due to the activity of the alphaviral replicase. Here, we demonstrate for the first time the presence of such RNA species after transfection with an alphavirus replicase-based DNA plasmid (Fig. 4) . The subsequent activation of dsRNA-dependent pathways (PKR and 2'-5′-A synthetase/RNase L pathways 14, 21, 22 ) provides a mechanistic explanation for the observation that every cell transfected in vitro with replicase-based DNA or RNA undergoes apoptosis 12, 17, 30 . To demonstrate the role in the immunogenicity of replicase-based vaccines, we used Rnasel -/-mice 24 . The immunogenicity and efficacy of the replicase-based vaccine were markedly reduced. However, the activity of the DNA vaccine was not completely abrogated possibly because only one of several dsRNA pathways was knocked out. To address the possibility that the immune response to TRP-1 or to tumor was compromised in Rnasel -/-mice, we used recombinant vaccinia that also encoded TRP-1 (Figs. 5b  and 6b ). This vaccine worked equally well in Rnasel -/-and a b d c + T cells from donors immunized with pSin-mTRP-1 (). Challenge-control Rnasel -/-mice were only lymphocyte-depleted, but received no treatment (í). Treatment-control mice were lymphocyte-depleted and treated in the same way as the experimental group with IL-2 and pSin-mTRP-1, but received purified CD8 + T cells from naive donors (í). The difference between the experimental group and both control groups (n = 10 for all experiments) was statistically significant (P = 0.012 for challenge control, P = 0.027 for treatment control, by ANOVA). There was no difference between the two control groups (P = 0.526). In addition, there was a statistically significant difference (P < 0.05) between the group receiving immune CD8 + T cells and the challenge control on every single day of measurement (as determined by the F test). The experiment was repeated in wild-type mice with comparable results (data not shown) establishing the functionality of immune CD8 + T cells in Rnasel -/-mice.
Rnasel +/-mice. To further validate vaccine activity in Rnasel -/-mice, we adoptively transferred CD8 + T cells from wild-type mice immunized with pSin-mTRP-1. The recipients had significantly reduced B16 tumor burdens (Fig. 6d) , similar to those observed in wild-type recipients (data not shown).
How does the activation of dsRNA-dependent, antiviral defense mechanisms increase immunogenicity? dsRNA molecules induce type I interferons and heat shock proteins, thus helping to initiate an immune response to a (perceived) viral infection. Furthermore, replicase-based DNA and RNA constructs cause apoptosis of transfected cells, most likely a consequence of the activation of the RNase L and the PKR pathways. Apoptosis has been shown by others to stimulate the immune system [31] [32] [33] . Conversely, apoptosis is reduced in mice lacking Rnasel after treatment with apoptosis-inducing drugs 24 . We argue that the context and the stimulus for the induction of apoptosis determine its impact on an immune response, distinguishing between bland, inflammatory and immune apoptosis 34 . Using pro-apoptotic genes co-delivered with a DNA vector, vaccine efficacy was significantly improved 5 . Dendritic cells can recognize and engulf (transfected) apoptotic cells and subsequently become activated 35 . We previously demonstrated that apoptosis triggered by replicase-based RNA stimulates dendritic cells 17 . Thus, the induction of apoptosis by replicase-based nucleic acid vaccines not only represents a welcome safety feature, but also seems to be critical for their function. Interfering with apoptosis by knocking out a pathway involved in inducing apoptosis after viral infection, such as the RNase L system (Figs. 5 and 6), or reducing apoptosis by co-immunization with an anti-apoptotic gene (manuscript in preparation) significantly reduces vaccine efficacy.
Why do replicase-based nucleic acid vaccines not necessarily over-produce antigen? Consequences of the transfection of cells with replicase-based DNA may account for this observation. The 2'-5′A synthetase/RNase L and the PKR pathways are activated by dsRNA and result in degradation of mRNA and blockade of protein synthesis, respectively, not only in virus-infected, but also in DNA-transfected, cells. Using dominant-negative mutants we have shown that at least one pathway involved in dsRNA recognition is responsible for limiting antigen production in cells transfected with replicase-based vaccines 23 . Furthermore, replicase-based DNA or RNA can trigger apoptosis 36 , thus limiting antigen production from the replicase-based vaccine. Analogs of mammalian anti-apoptotic molecules have been identified in several viruses 37, 38 and may be used by alphaviruses (but not replicase-based vaccines) to enhance gene expression.
Do conventional and replicase-based DNA vaccines use different mechanisms? The T-cell depletion and adoptive T-cell transfer experiments indicate a much stronger role of effector CD8 + cells for tumor protection induced by the replicase-based plasmids compared with the conventional DNA vaccine. Only the conventional plasmid (as well as vaccinia-mTRP-1) induced auto-immune depigmentation (vitiligo). Although the finding that that the vaccines that provide superior tumor protection induce no apparent auto-immunity may seem paradoxical, others have demonstrated that these two responses are mediated by different effector mechanisms 13, 39 . We have demonstrated that the immunogenicity and efficacy of DNA vaccines is improved significantly, not by providing more antigen for the adaptive immune response, but by delivering stronger 'adjuvant-type' signals to the innate immune system through activation of antiviral pathways. Together with immunostimulatory CpG motifs on bacterium-derived plasmids (recognized by Toll-like receptor 9 (TLR9); ref. 40) , the production of dsRNA by replicase-based nucleic acid vaccines (recognized by TLR3; ref. 41 ) may represent a potent stimulation of the innate immune system. The RNase L pathway is potentially the first of several innate (antiviral) pathways shown to be involved in the high immunogenicity of replicase-based DNA vaccines. Tapping into such innate pathways may enable us to develop powerful vaccines while avoiding the side effects of highly immunogenic viruses or strong adjuvants.
Methods
Plasmids. Conventional CMV-promoter-based plasmids were pcDNA3-mTRP-1 (pCMV-mTRP-1; ref. 42 ) and pSport-hTRP-1 (pCMV-hTRP-1). pSport-hTRP-1 is based on pSport-β-gal 12 (Invitrogen, Carlsbad, California). The lacZ gene was replaced with TYRP1 by blunt-end ligation. The replicase-based plasmids (pSin-mTRP-1, pSin-hTRP-1) are derived from pSin-β-gal (ref. 12). Plasmids were purified using EndoFree purification columns (Qiagen, Hilden, Germany). TRP-1 expression was confirmed for all plasmids by transfection of BHK-21 cells using LipofectAMINE PLUS (Invitrogen). After 24 h, the lysates of cells containing 2 × 10 4 transfected cells were loaded and TRP-1 was detected by immunoblot analysis (NuPage system, Novex, San Diego, California) using serum (diluted 1:250) from mice immunized with recombinant vaccinia-TRP-1 (ref. 20) . pC1-EGFP (pCMV-EGFP, Clontech Laboratories, Palo Alto, California) was used as a negative control. In vivo expression of β-gal was determined in mechanically processed skin sections as described for transfected cells 12 .
Mice and immunization. C57BL/6 mice (National Cancer Institute (NCI), Frederick, Maryland) and Rnasel -/-mice 24 (back-crossed on a C57BL/6 background) were used at 6-10 weeks of age. C57 wild-type and Rnasel +/-mice had comparable immune responses after immunization with β-gal or TRP-1 DNA plasmids. B16.F10-melanoma (National Cancer Institute-FCRDC) grew similarily in both (data not shown). Tyrp1 -/-mice will be described (W.W.L. and N.P.R., manuscript in preparation) and can be distinguished from heterozygous (Tyrp1 +/-) littermates by coat color ('cappuccino' versus black). Intramuscular injection yielded poor immunogenicity and efficacy (data not shown). Thus plasmid-coated gold particle 43 were delivered using the Helios gene gun (BioRad, Hercules, California). Mice were challenged subcutaneously with 1 × 10 5 B16.F10 7 to 10 d after the last of 5 immunizations (approximately 3 µg of DNA/immunization) at weekly intervals. Tumor growth was monitored for at least 3 weeks after challenge in a blinded fashion. We immunized and challenged 5 to 8 mice per group in each experiment. Animal experiments were conducted according to approved animal protocols of the NCI (NIH, Bethesda, Maryland).
T-cell depletion and adoptive T-cell transfer. Four days after the last immunization, mice were injected intraperitoneally twice on consecutive days with 500 µg of GK1.4 (anti-CD4) or 2.43 (anti-CD8) antibody (ammonium sulfate precipitated and dialyzed; NCI-FCRDC, Frederick, Maryland). Efficacy of depletion was greater than 99% as determined by flow cytometry. For the adoptive T-cell transfer, C57BL/6 mice were immunized as described above. One week after the last immunization, spleens and lymph nodes from 10 mice were harvested. Adherent cells were removed by panning (1 h at 37 °C). B cells and CD4 + T cells were removed with antibodies against B220 and CD4 conjugated to magnetic particles in LD MACS columns (Miltenyi Biotec, Bergisch Gladbach, Germany). Recipient C57BL/6 or Rnasel -/-mice were depleted of endogenous T cells (500 rad, 1 day before cell transfer or 1 mg cyclophosphamide, intraperitoneally, 5 days before cell transfer). CD8 + T cells from 10 donors were injected intravenously into 10 recipient mice challenged as above on the day of transfer. Recipient mice were then immunized with pSin-mTRP-1 by gene gun on 3 consecutive days following the transfer and received 3 i.p. injections of 100,000 CU IL-2 (Chiron, San Diego, California).
Serology. Pre-challenge serum was diluted in PBS/1% BSA and tested by ELISA. Plates (Nunc, Roskilde, Denmark) were coated with 50 ng recombinant mouse TRP-1 per well 44 . Goat antibody against mouse/HRP
